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Description 

INSTRUMENTED LOCK ENTRY AND 
TRAVERSING SYSTEM 

Related Applications 

[0001] This application claims the benefit under 35 U.S.C. § 
1.19(e) of United States Provisional Application No. 
60/480,218, filed June 20, 2003. 
Field of the Invention 

[0002] jhis invention relates to a navigation aid and system and, 
in particular, to a system that provides tow pilots navigat- 
ing inland waterways with real-time information essential 
to efficient and safely transiting locks in various weather 
conditions. 
Background of Invention 

[0003] Every year, thousands of tons of commodities are trans- 
ported along the nation's inland waterways via a combina- 
tion of towboats and barges, referred to collectively as a 
"tow." There are four main types of barges, including: 


open, closed, sealed and liquid. Each type has three dif- 
ferent sizes: a standard barge is 26' x 175'; a jumbo barge 
is 35' x 195' and a "stumbo" barge is 26' x 195'. Typically, 
a single tow can have up to 15 barges. The average barge 
can carry a approximately 1,500 tons of a given commod- 
ity, a payload equal to about 60 typical tractor/trailer style 
trucks commonly seen on America's highways. This large 
payload capacity makes transferring commodities by 
barge more efficient than any other means of commercial 
transportation. 

[0004] The inland waterway system in the U.S. contains many 

locks and dams, typically built by the Army Corps of Engi- 
neers, to prevent flooding in low-lying riverside areas and 
to provide for stable navigation. To traverse the dams, it 
is necessary that the tows negotiate passage through 
many locks. As an example, to transport a commodity 
from Pittsburgh to St. Louis along the Ohio River, it is 
necessary for a tow to pass through over twenty locks. 
The dimensions of many old locks are such that every 
time a tow has to traverse a lock, it may have to perform 
double or even triple lockage, depending on river condi- 
tions and tow size. This can cause bottlenecks along the 
river. A single accident at a lock can cause exponential 


river jams. In addition to varying lock configuration, 
weather conditions, such as fog, darkness, harsh river 
conditions, and other variables provide a significant 
amount of unpredictability. 
[0005] The locking process has a history of nearly a century 

without much innovation. Almost every lock approach is 
unique because of variables such as lock dimensions and 
configuration, current speed, visibility, water levels, tow 
configurations, etc. All of these variables play a part in 
determining a safe and speedy lockage. Traversing locks 
requires a high degree of precision and piloting skill; the 
usual allowable clearance between the lock wall and the 
tow may be as little as 2.5 feet on each side of the tow. 
This makes it very difficult for pilots who are unfamiliar 
with a lock to navigate it successfully in an efficient man- 
ner. 

[0006] Traditionally, the locking process is a slow and manual 
operation with complete reliance on the judgment of the 
tow pilot and communication of the tow's position by 
deckhands via handheld radios. Locks present a serious 
threat to the safety and efficiency of the inland waterways 
because of expensive accidents, decreased throughput 
and delay costs that can lead to unreliable delivery sched- 


ules and, on occasion, cargo loss resulting from collisions 
with locks. Thus, there is a need for a system to address 
many of the issues that often delay freight while being 
transported on the river system. 

[0007] By improving a captain's ability to navigate locks in fog, 

reducing lock transit times, and decreasing the number of 
debilitating accidents, the waterborne shipping industry 
could realize tremendous annual savings. Further, in- 
creased predictability and decreased transit times would 
allow more cargo to use the environmentally friendly in- 
land waterways, thereby reducing traffic on strained road 
and rail systems and increasing the economic importance 
of areas in which waterways reside. 

[0008] Accordingly, it would be desirable to provide an electronic 
system that will improve the safety and efficiency of the 
inland waterway system by reducing shipping bottlenecks 
and improving predictability. First, such a system would 
preferably reduce average delay and lockage times by 
providing a way of navigating locks in adverse weather, 
and in particular, in foggy conditions. Second, it is desired 
that the dependence of the tow pilot on deckhands for in- 
formation regarding tow position with respect to the locks 
be reduced. 


Summary of Invention 


[0009] | n response to the deficiencies noted above, the present 
invention provides an instrumented lock entry and 
traversing system. The instrumented lock entry and 
traversing system is a sensor-based interface system 
which feeds valuable information through a local area 
network (LAN) to a computer on a towboat in real time to 
assist the pilot in navigating a lock. Additionally, the sys- 
tem may also be used to assist the entry and passage of 
watercraft in closed or narrow quarters, such as harbors, 
docks and bridge piers. In addition, the system can also 
provide data collection capabilities for both the tow oper- 
ator and the lock operator. 

[0010] As a navigation aid, the present invention is capable of 
determining the tow distance from key lock structures at 
the three major stages of a lock approach: 1) when the 
tow is approximately one half of a mile away from the lock 
structure; 2) when the tow is at the lock; and, 3) when the 
tow is inside the lock chamber. 

[0011] The pilot begins his approach when the tow is approxi- 
mately one half of a mile away from the lock structure. At 
this point the system provides him with the distance of 
the tow from the furthest point on the bank and the dis- 


tance of the tow head from the tip of the lock guide wall. 
At this stage of the approach the distances can be up- 
dated every five seconds and need to be accurate within at 
least 10-15 feet. 

[0012] The tow is considered to be at the lock when the tow head 
reaches the lock guide wall. At this point the system in- 
forms the pilot of the distance of the tow from the bull- 
nose, (the tip of the middle wall of the lock) and the dis- 
tance of the tow head and the tow stern from the lock 
guide wall, if the tow is locking into the landward chamber 
of the lock, or the lock guard wall, if the tow is locking 
into the riverward chamber of the lock. For this stage of 
the approach, the distances are preferably updated in real 
time and need to be accurate within one foot. 

[0013] once the tow passes the bullnose, the tow is considered 
to be inside the lock chamber. At this stage of the ap- 
proach the system continues to provide the pilot with the 
distance of the tow head and tow stern from the relevant 
wall. In addition, the system now informs the pilot of the 
distance of the tow from the end gates of the lock. 

[0014] The system comprises four basic components: a pilot in- 
terface for providing the pilot with information important 
for a safe lock transit; a lockmaster interface, for monitor- 


ing tows approaching the lock and for inputting local wa- 
terway and lock conditions; a wireless network for relaying 
information between the pilot interface and the lockmas- 
ter interface; and, one or more input modules, located 
anywhere throughout the world, including at the lock and 
on the tow, that transmit information to the pilot and/or 
the lockmaster. 

[0015] The pilot interface consists of visual and/or audio means 
for delivering the desired information to the pilot, prefer- 
ably a computer having a visual display and/or audio out- 
put devices. Among other information, the following spe- 
cific information can be supplied to the pilot: tow location 
with respect to the recommended approach path for the 
lock; distances between various points on the tow and the 
lock, weather and river conditions at the lock and the 
speed of the tow. In addition, the pilot interface can 
sound warning alarms for such things as approach error 
and over speed conditions. Preferably, the pilot interface 
will provide an electronic rendering of a navigation chart 
for a lock to be navigated, with a representation of the 
tow and imposed on the chart. 

[0016] The second component of the present invention is the 

wireless network which connects the pilot interface to the 


lockmaster interface, and, in addition, may also connect 
input modules or sensor modules to the pilot interface. 
Preferably, the wireless network will provide automatic 
connection capabilities when the tow is within receiving 
distance of a wireless signal from the lock, and will pro- 
vide for the secure exchange of information regarding 
river and lock conditions from the lock to the tow. Addi- 
tionally, the pilot interface on the tow may be able to au- 
tomatically generate and transmit requests for lockage to 
the lockmaster, and receive clearance from the lockmaster 
to enter the lock. 
[0017] The lockmaster interface displays tows within range of the 
lock wireless signal and displays the details of lockages. 
The system allows the lockmaster to see which tows are 
using the system, their progress in the approach to the 
lock, what lockages are requested (i.e., upstream, down- 
stream, landward, riverward, etc.), what lockages are be- 
ing logged, and what critical events have been triggered. 
It also provides an interface for the lockmaster to update 
the current lock, river and weather conditions for trans- 
mission to the tow pilots. The information transmitted 
may include, for example, information regarding the di- 
rection and strength of waterway currents, current wind 


direction and speed and fog alerts. Additionally, informa- 
tion regarding the current status of the lock may be 
transmitted, as well as any special conditions existing in 
the vicinity of the lock, such as unusual eddies and cur- 
rents. 

[0018] The last component of the system consists of one or more 
input modules for inputting varied information to the pilot 
interface. Preferably, at least one input module will pro- 
vide information regarding the position of various por- 
tions of the tow and will utilize global positioning system 
("GPS") technology, possibly having multiple GPS receivers 
located at different positions on the tow. Additional mod- 
ules may include a module to gather manually entered 
lock configuration data from lock operators, modules 
transmitting real-time weather information from a loca- 
tion at or near the lock or from the National Weather Cen- 
ter and modules for inputting data from other types of 
sensors, such as, for example, land-based or tow-based 
sonar or radar units to provide additional information re- 
garding the range and speed of the tow. 

[0019] An additional function of the present invention is to pro- 
vide a point of data collection regarding tows and lock- 
ages. As an example, the following types of information 


could be collected, assembled and shared between the 
tow and the lock or between upstream and downstream 
locks: manifest information, tow configuration informa- 
tion, lockage times, including times for the various stages 
of the lockage, lockage information, such as chamber 
used, number of cuts, type of lockage (i.e., single, dou- 
ble), etc., trip information, such that an electronic log of 
the tows progress can be assembled and a history of lock 
condition information (i.e., typical lockage times given a 
particular set of conditions, etc.). Such information may 
also be useful for tow operators to track the positions of 
their tows along the waterways and to collect historical 
data relating to tow operations for the purposes of as- 
sessing and improving tow performance. 
[0020] other features, aspects and advantages of the present in- 
vention will become better understood or apparent from 
the following detailed description, drawings and ap- 
pended claims of the invention. 
Brief Description of Drawings 

[0021] Figure 1 shows a schematic of the topology of the present 
invention showing the four main components. 

[0022] Figure 2 shows a topology of the software modules and 
the interaction between the software modules and the 


sensors and network. 

[0023] Figure 3 shows a sample antenna configuration for com- 
munications between the lock and the vessels equipped 
with the present invention. 

[0024] Figure 4 is a screen which would appear on the pilots in- 
terface showing a setup of the tow boat. 

[0025] Figure 5 is a configuration screen that would appear on 
the pilots interface showing how to setup the large con- 
figuration with the tow boat. 

[0026] Figure 6 is a pop up screen that would appear on the pi- 
lot's interface to request lockage through a particular 
lock. 

[0027] Figure 7 is a pop up screen that would appear on the 

lockmasters interface showing how the current conditions 
of the river and damn are updated. 

[0028] Figure 8 is a screen that would appear on the pilots inter- 
face during the tow's approach to the lock. 

[0029] Figure 9 is a screen that would appear on the pilots inter- 
face when the tow is at the lock and ready to enter the 
lock chamber. 

[0030] Figure 10 is a screen that would appear on the pilots in- 
terface showing a pop up alert for an event that has oc- 
curred due to progress of the tow through the lock. 


[0031] Figure 11 is a screen that would appear on the pilots in- 
terface showing the tow in the lock chamber. 

[0032] Figure 12 is a screen that would appear on the lock mas- 
ters interface that would allow the lockmaster to view 
lockages and tows waiting for or requesting lockages. 

[0033] Figure 13 is a screen that would appear on the pilot's in- 
terface showing the direction and strength of a current in 
the waterway. 
Detailed Description 

[0034] Figure 1 shows a schematic of the topology of the present 
invention showing the four main components, namely, pi- 
lot interface 2, which is located on board a tow or other 
watercraft, lockmaster interface 4, located on the land- 
based side of the lock, wireless network 6, which is used 
to communicate information between tow interface 2 and 
lockmaster interface 4, and input module 8 shown, in Fig- 
ure 1 as a differential GPS receiver, which is one of many 
types of input modules that could be used with the 
present invention. 

[0035] The software architecture of the present invention is 

shown in Figure 2 and includes both tow based and land 
based portions. Pilot display module 100 runs on a com- 
puter on board tow 10 and is responsible for maintaining 


the pilot display and interacting with the pilot. Pilot dis- 
play module 100 accepts inputs from various input 
sources, including sensors. 
[0036] Sensors 104 may be, for example, differential GPS sen- 
sors, radar sensors, sonar sensors or any one of a number 
of other well known technologies for ranging and speed 
detection. Sensors 104 can interface directly to input 
module 102, which in turn formats and relays information 
to pilot display module 100. Alternatively, sensors 105 
may wirelessly connect to wireless network 6 to transmit 
their information either directly to pilot display module 
100 or to an intervening input module 103 which in turn 
formats and sends the data to pilot display module 100. 
Sensors 105 may have their own IP address and be con- 
nected directly to the network or may be connected 
through another component via a different wireless proto- 

TM 

col, such as Bluetooth . Pilot display module 100 may 
also utilize an optional text-to-speech (TTS) module 106 
to provide audio feedback to the pilot of tow 10. For ex- 
ample, ranging information could be read by TTS module 
106 such as to allow the pilot to receive this information 
without having to constantly visually monitor pilot inter- 
face 2. The output device in this case would be speaker 


107. 

[0037] The pilot display module 100 may also receive informa- 
tion via wireless network 6 from lockmaster display mod- 
ule 110, which is preferably running on a computer on the 
land based side of lock 12. Pilot interface 2 and lockmas- 
ter interface 4 may be a commonly available personal 
computers. Lockmaster display module 110 can also col- 
lect information from various land based sensors 104 
connected directly to input module 102, which can format 
and prepare the information for display on lockmaster in- 
terface 4. In addition, the lockmaster display module 110 
can receive speed and ranging information over a wireless 
network 6 directly from tow 10 via pilot display module 
100. Land based sensors 105 could also wirelessly trans- 
mit its information to pilot display module 100 or lock- 
master display module 110. Input module 108 may re- 
ceive information from outside sources such as the Na- 
tional Weather Center over Internet 99 and can format and 
pass that information to lock master display module 110, 
which, may relay the information via wireless network 6 to 
pilot display module 100. Lockmaster display module 110 
may also be configured with TTS module 106 driving 
speaker 107 to alert the lockmaster as to the tows 10 


which are approaching the lock or which have come into 
range of the lock's wireless network signal and have es- 
tablished a connection with lockmaster display module 
110. 

[0038] Preferably, pilot display module 100 and lockmaster dis- 
play module 110 can be implemented as an applet in a 
browser or as a stand alone application. 

[0039] Figure 3 shows a sample configuration of antennas which 
could be used to implement the wireless network for 
communications between tows 10 and lock 12. Preferably 
lock 12 will be equipped with a directional antenna 14, 
preferably an antenna known as a Yagi, which is a highly 
directional antenna, to direct the wireless network signal 
to both upstream and downstream approaching tows. In 
most circumstances lock 12 will be equipped with multi- 
ple directional antennas 14, typically one pointing up- 
stream for tows 10 approaching from that direction and 
one pointing downstream for tows 10 approaching from 
that direction. In the event that there is a lack of line of 
site between lock 12 and tows 10 at the distance neces- 
sary to setup for the approach to lock 12, the wireless 
signal can be relayed via an omni-directional antenna 16 
located remotely from the general vicinity of the lock, 


possibly on the opposing bank of the waterway, on the 
dam itself or on the landward side of the river where the 
lock is located. 

[0040] The connection between tow 10 and lock 12 via wireless 
network 6 is preferably accomplished automatically as the 
tow 10 approaches lock 12 and comes in close enough 
proximity to lock 12 to acquire the network interface sig- 
nal from directional antenna 14 or omni-directional relay 
antenna 16. However, the connection may also be estab- 
lished manually. 

[0041] Preferably tow 10 is also equipped with an omni-di- 
rectional antenna for communication both with lock 12 
and with any on-board wireless sensors 105. In the pre- 
ferred embodiment of the invention, the wireless network 
is a typical wireless link conforming to the 802.11(b) 
standard using internet protocols, such as TCP/IP and 
standard HTML messages. However, the wireless network 
link 6 may also be other types of connections, such as 
802.11(a), 802.11(g) or any other type of well-known or 
proprietary network link, and may use other types of mes- 
sages, such as MIML (Maritime Information Markup Lan- 
guage). 

[0042] jo properly use the system, it is necessary for tow 10 to 


tell the system about its configuration and, specifically, 
about dimensions of the tow boat and the barges in the 
tow. Figure 4 shows input screen 20 used by the pilot of 
tow 10 to enter information regarding the tow boat. 
Screen 20 has spaces allowing the pilot to input the tow 
boat number, name and type as well as dimensions, in- 
cluding both length and width of the tow boat. Likewise, 
the over all tow configuration must be entered into the 
system using input screen 22 as show in Figure 5. Input 
screen 22 provides a interface which allows the pilot to 
enter the configuration of the overall tow according to the 
number and type of barges currently being used and 
manner in which they are configured (i.e., notch, spike, 
etc.). Input screens 20 and 22 are invoked by pressing 
button 60 on pilot interface 2, as shown in Figures 8-11. 
[0043] As stated previously, in the preferred embodiment of the 
invention, the network link between tow 10 and lock 12 
will be made automatically as the tow 10 approaches lock 
12 and acquires a signal over wireless network 6. At this 
point, pilot interface 2 as shown in Figure 8 will show the 
position of tow 10 with respect to lock 12. As shown in 
Figure 8, pop-up messages 33 show the distance from the 
head of tow 10 to the guide wall 44 and the distance of 


tow 10 from the bank of the waterway. 

[0044] Preferably, the display utilizes electronic navigation charts 
conforming to the IHO S-57 standard, which is a standard 
for data exchange for electronic navigation charts pub- 
lished by the International Hydrology Organization. In the 
preferred embodiment of the invention, as the network 
link is made between tow 10 and lock 12, lock 12 will 
identify itself to tow 10 via some form of secured commu- 
nication, preferably using secure socket layer (SSL) mes- 
saging to insure integrity of the data. The electronic navi- 
gation chart can then be looked up in a database on the 
computer in tow 10 or can be uploaded automatically 
from lock 12 to tow 10 via wireless network 6. 

[0045] jo request lockage through the lock, the tow pilot would 
click on button 62 as shown in Figures 8-11. Figure 6 
shows input screen 24, which appears as the result of 
pressing button 62, and which allows the tow pilot to 
specify which lock chamber as well as whether or not the 
tow pilot requests feed back for the lockage. Note that the 
lock name is not selectable by the pilot, as this informa- 
tion is provided by secure link by lockmaster interface 4 
via the link between the tow 10 and lock 12. 

[0046] Figure 8 is the screen which is displayed as tow 10 ap- 


proaches lock 12. After lockage has been requested using 
button 62 and the tow 10 has been informed that it is 
able to proceed through lock 12, feedback is given tow 
pilot as tow 10 approaches lock 12. Feedback includes 
lock, river and wind conditions as shown in window 32 in 
Figure 8, but may also include any other information rele- 
vant to the lockage. Preferably, information regarding 
river current direction and speed can be provided graphi- 
cally as shown in Figure 13. Arrow 45 shows the direction 
a river current and the thickness of arrow 45 can be used 
to indicate the strength of the current. A similar arrow 
could be used to show wind speed and direction, with a 
different color arrow being used for wind as opposed to 
river currents. 

[0047] | n t he example provided, window 32 shows that the dam 
has a 20 foot opening, the river has a weak outward cur- 
rent and winds are medium from the north. Pop-up mes- 
sages 33, showing distance of tow 10 from the banks and 
lock 12, are also updated. At this distance from lock 12, 
distance information need only be updated every 5 sec- 
onds and need only be accurate to within 10 to 15 feet of 
the actual distance. In addition, line 37 is shown indicat- 
ing the path of tow 10 as it approaches lock 37. Also 


shown in Figure 8 is the speed 37 of tow 10. 

[0048] As tow 10 approaches closer to lock 12, the screen is 

preferably zoomed automatically to show more detail with 
respect to lock 12 and to change the rate as which data 
flowing to the tow pilot is updated, as shown in Figure 9. 
At this stage of the lockage, as tow 10 approaches guide 
wall 44 of lock 12 as shown in Figure 9, it is necessary 
that the updates to the data be conveyed in real time and 
that the accuracy be increased, preferably to one foot res- 
olution. Additionally, the distance of both the stern and 
bow of tow 10 from guide wall 44 are reported as pop-up 
messages 33. As can be seen in Figure 9, tow 10 is con- 
sidered to be at the lock when the head of tow 10 has 
passed the outer most portion of guide wall 44. At this 
point, tow 10 awaits for the opening of gates 46 to con- 
tinue its approach to the lock. 

[0049] Figure 10 shows a pop up message 35 which will appear 
at various stages of the lockage. In this case the head of 
the tow has passed the guide wall and, as such, the 
"Guide Wall Cleared" message is displayed. Warnings such 
as for a deviation from the preferred approach path or for 
an over speed condition may be reported in a similar 
manner. 


[0050] Figure 11 shows tow 10 within the chamber of lock 12. At 
this point, the informational message 33 states the dis- 
tance from the head of tow 10 to the end gates 46 of the 
lock. Additionally, the display is zoomed further and the 
scale changed to better show the actual position of tow 10 
within the chamber of lock 12. As in the previous stage of 
the lockage, feedback of distance and speed data is 
preferably delivered in real time and with a minimum res- 
olution of one foot. 

[0051] Figure 12 shows the screen of lockmaster interface 4. 
Shown on the screen are tows 10 which are currently in 
communication with lockmaster display module 110 run- 
ning on the land-based computer. Lockmaster screen 38 
allows the lockmaster to view the lockages by tows 10, to 
update river conditions by pressing buttons 70, which will 
bring up screen 26 shown in Figure 7 and which allows 
the lock master to configure the lock and update the cur- 
rent river conditions, wind conditions and dam conditions. 
Additionally, lockmaster screen 38 allows the lockmaster 
to authorize passage through a lock by various tows 10. 

[0052] Button 68 on lockmaster screen 38 allows the lockmaster 
to configure the lock. The lockmaster must update the 
locks status and lock code and input any unique charac- 


teristics of the lock of which pilot should be aware of, 
such as eddies and out-drafts. In addition, the navigation 
chart represented in S-57 format containing the lock and 
each section of river can be uploaded into the system for 
transmission to tow 10 and processing of distances. This 
provides the necessary information for the number of lock 
chambers, the chamber sizes, the bullnose, the guide 
wall, the middle wall and the guard wall sizes, as well as 
the location and the size of the opening of lock 12. 

[0053] The system of the present invention can use both tow 
based sensors and land based sensors. The tow based 
sensors requires the outfitting of tow 10 with the sensors 
to detect its own location, for example, GPS receivers or 
radar devices. Sensors, such as radar and cameras, may 
be installed on the banks above and below the lock as well 
as on the lock itself. The most essential of the input mod- 
ules 8 is the sensor module which allows the pilot inter- 
face module 100 on tow 10 to determine the position of 
the tow. This particular input module 8 may be run as an 
integral part of the pilot display application or as a sepa- 
rate module that transmits its information to the pilot in 
the same manner as any of the other input modules. 

[0054] Additional input modules may include a module to gather 


manually entered lock configuration data from lock oper- 
ators, modules transmitting real time weather information 
from a location at or near the lock or from the National 
Weather Center via the Internet. Other input modules may 
be connected to sensors located on the lock or elsewhere. 
All of the input sensors would preferably transmit their 
information via an SSL encrypted link and in XML format 
as defined by the system. Each input module 8 preferably 
has a digital certificate that is used in the SSL transaction 
which allows the pilot application to determine the source 
of the information and that the information has not been 
altered in transit between its source and its receipt by the 
pilot. 

[0055] | n the preferred embodiment of the invention, the sensor 
module which allows the determination of the position 
and speed of tow 10 is a differential CPS receiver capable 
of transmitting data using the NMEA Standard, an industry 
wide standard for the transmission of CPS position infor- 
mation. In addition to outputting the position of the sen- 
sor, the sensor may report the heading of the tow using 
an integrated GPS compass. Using these two pieces of 
data, in addition to the configuration of the tow as input 
by the pilot, it is possible to determine the boundaries of 


the tow with only one GPS receiver. Alternatively, multiple 
GPS receivers could be positioned at different points along 
tow 10 to give a more exact reading of the positions of 
the extremities of the tow. Differential GPS can be used to 
very accurately identify the location of GPS receivers 
mounted on the tow boat and barges. Differential GPS can 
provide accuracy to within a few feet, which will require 
mounting multiple battery powered GPS receivers at sev- 
eral locations on the barge. As an example, placing four 
GPS receivers at the four corners of the tow will provide 
coordinates that can be used to defined the barge bound- 
ary. Each GPS unit will require a wireless transmitter or a 
wired connection to send the GPS information to pilot in- 
terface module 100. In addition, a fixed GPS receiver will 
also be required on the lock to provide the differential 
correction required to obtain the desired accuracy. 
[0056] Essential lock and river condition information can be 
transmitted to tow 10 by a module on lock 12 that is 
preferably integrated into lockmaster display 4. Lockmas- 
ter display 4 allows the lockmaster to input information 
about main, upstream and downstream currents, wind and 
dam conditions and lock and dam status information. All 
data communicated between the lock and the tow is 


preferably transmitted over a standard 802.11(b) wireless 
link using standard internet protocols. Data from other 
input sensors is preferably received into a communica- 
tions port, such as an RS232 serial port, on the computer 
running the pilot display component. Input modules 102, 
103 and 108 process the positional data to prepare it for 
display to the pilot and communicate the information to 
pilot display module 100 preferably over a loopback de- 
vice, which is a method of sending information to another 
application on the same computer using the network, as if 
the information came from another computer. 
[0057] There are several different types of messages which can 
be exchanged between the lock and the tow. For example, 
from the lock to the tow the following messages may be 
passed: initial lock messages identifying the lock, its lock 
code and its IP address; a lock condition message con- 
taining the most updated conditions of the lock, such as 
the damn opening, the river conditions and the wind; 
messages containing the current and forecast weather 
conditions. 

[0058] Possible messages from the tow to the lock would include: 
a tow manifest message identifying the tow, its barge 
configuration and its load; a tow position message identi- 


fying the tow position, its dimensions and its position; 
lockage time message identifying the tow, the locking 
vent and the time logged; automatically generated re- 
quests for upstream or downstream lockage. 

[0059] Examples of messages that may be passed between the 
tow and sensors may include: a sensor message contain- 
ing the sensor reference point and the detected position 
or the detected distance and reference point for compari- 
son as well as a time stamp (for a position-reporting type 
sensor);detected speed information. 

[0060] Preferably, XML can be used to format all IP messages. In 
addition, there must be a security protocol for passing 
messages between components of the system. Although 
having other tow boats or parties listen to the traffic does 
not harm the system or compromise its integrity, it is im- 
portant that tows not become confused as to which mes- 
sages are intended for a particular tow. In addition, it is 
important that no tampering be allowed of the data being 
transmitted to the pilot during the approach. As such, the 
system must be able to maintain data integrity and be 
protected from hackers. 

[0061] | n addition to the navigation aid functions, the system of 
the present invention can collect data for the pilot and the 


lock in an accurate and timely manner by automatically 
logging events during a lockage and by gathering input 
from the pilot regarding the tow. An examples of such in- 
formation is manifest information. The system can easily 
collect information about the barges and its load as in- 
cluded in the manifest. Lockage time can be tracked to al- 
low pilots to know the average time to complete the lock- 
age. The system of the present invention should be com- 
pletely aware of when and how long the different stages 
of the lockage are from the perspective of the tow boat. In 
addition to the lockage time, the system of the present 
invention can also collect other pertinent information 
about the lockage such as the chamber used, the number 
of cuts and the type of lockage (i.e., single, double, etc.). 
In addition, the system can effectively collect information 
about each and every lockage made by a tow during any 
particular trip, thereby serving as an electronic log for the 
tow's trip from which reports can be generated. In addi- 
tion, locks should be able to communicate with other up- 
stream and downstream locks to let them know of ap- 
proaching tows, configuration of the tows, etc. Lastly, lock 
personnel are expected to update the system with the 
various conditions of the lock such as the dam opening, 


current speed and direction. As a result, a history of the 
lock conditions can also be drawn from the system. 
[0062] while specific embodiments of the present invention have 
been used in an exemplary manner, this is not meant to 
limit the scope of the invention, which is defined by the 
claims which follow. 


